A T-cell clone (designated KLmB-3) was derived from resistant C3H mice 2 weeks after infection with Leishmania major. KLmB-3 was a CD4-T-cell clone that utilized the V␤8.1 T-cell receptor. When adoptively transferred to naive C3H mice, KLmB-3 unexpectedly exacerbated infection with L. major (it increased the cutaneous lesion size and the parasite burden within the lesion). The ability of KLmB-3 to exacerbate disease correlated with its ability to produce the type 2-associated cytokines interleukin-4 (IL-4), IL-5, IL-10, and transforming growth factor beta. Interestingly, KLmB-3 was specific for an epitope in the amino-terminal end of the L. major surface gp63 zinc metalloproteinase (leishmanolysin) that has been shown to be capable of inducing a protective immune response. Moreover, KLmB-3 was activated when this epitope was presented in the context of H-2 I-E rather than H-2 I-A.
Leishmania major is a protozoan parasite that causes cutaneous leishmaniasis. Our knowledge of the immune response generated against this parasite has been significantly advanced through the use of suitable murine models of infection. Infection of highly susceptible BALB/c mice, which succumb to L. major, represent one end of the spectrum. In contrast, the other end of the spectrum is represented by the majority of mouse strains, including C57BL/6 and C3H, which are relatively resistant and heal their cutaneous lesions (reviewed in references 8, 19, and 34) .
Of the T-cell lineages, CD4 T cells play an important role in determining the course of cutaneous leishmaniasis. Upon adoptive transfer into BALB/c mice, CD4 parasite-specific T cells can have either a beneficial (12, 28, 38, 39) or a detrimental (12, 39, 48, 49) effect on the outcome of infection. The observation that a single subset of parasite-specific T cells can have varied effects on the outcome of infection led to the current concept that L. major-specific CD4 Th1 T cells which secrete gamma interferon (IFN-␥) are protective in cutaneous leishmaniasis, while parasite-specific Th2 T cells which secrete interleukin-4 (IL-4) are detrimental in the disease (8, 19, 26, 34) .
In contrast to adoptive transfer studies performed with BALB/c mice, relatively little work has been done with resistant mice, especially with highly resistant mice such as C3H (2) . This is surprising since these mice more accurately mimic L. major infections that occur in humans. Thus, the present study was designed to characterize T-cell lines or clones derived from L. major-infected resistant C3H mice. The results presented here describe a CD4-T-cell clone (L. major-specific CD4 T-cell clone B-3 from C3H [k haplotype] mice, designated KLmB-3) that unexpectedly has the Th2 phenotype and thus exacerbates infection with L. major. Interestingly, KLmB-3 is restricted to H-2 I-E, not H-2 I-A. In contrast to Th2-T-cell clones obtained from susceptible BALB/c mice, which are frequently specific for LACK (Leishmania homologue of receptors for activated C kinase [20, 27, 32] ), KLmB-3 is specific for an epitope in the N terminus of the gp63 zinc metalloproteinase (leishmanolysin; promastigote surface protease) of L. major. This observation is significant since previous studies have shown that immunization with gp63 can lead to a protective Th1 immune response in resistant CBA mice (5) , and thus gp63 is currently regarded as a vaccine candidate for leishmaniasis. rgp63 and from some of the cells stimulated with L. major promastigotes to determine their cytokine contents (for measurement methods see below). At 5 days of culture, blast cells in the remaining wells stimulated with L. major promastigotes were recovered by using Percoll gradients (48) . These blast cells were rested for 7 to 10 days with irradiated syngeneic spleen cells as previously described (4) . After resting, viable blast cells were recovered on Ficoll gradients (40) . Clones were obtained from the rested T-cell blasts by the limiting dilution approach (28) in 96-well round-bottom microtiter plates (catalog no. 3799; Costar, Corning, N.Y.). The culture conditions for cloning were as follows: 0.3 rested T-cell blast, 10 6 irradiated syngeneic spleen cells, and 10 5 L. major promastigotes per well in complete Dulbecco's modified Eagle's medium (48) containing 10% fetal bovine serum (HyClone, Logan, Utah) and 5% P388D1 supernatant (30) .
Wells that contained replicating T-cell blasts were identified by light microscopy and were expanded for further analysis. Complete characterization of one clone (KLmB-3) is described here. KLmB-3 was maintained through alternating cycles of stimulation in the presence of 10% (final concentration) concanavalin A supernatant (9) and resting. For all experiments, cells were collected from rested cultures and used as described below.
Fluorescence-activated cell sorter analyses. The surface phenotype (CD4 versus CD8, V␤ usage) of T cells was determined by using previously described techniques (40) .
Adoptive transfer of KLmB-3 and its effect on infection with L. major. To determine the effect that KLmB-3 had on infection with L. major in mice, 2.5 ϫ 10 5 KLmB-3 cells were coinjected with 2.5 ϫ 10 5 L. major metacyclic promastigotes subcutaneously into one hind footpad of syngeneic C3H mice. Lesion development was monitored as previously described (46) . Control mice were injected with L. major metacyclics alone.
Parasite burdens in footpad lesions of L. major were determined by using a limiting dilution assay as described previously (22) .
KLmB-3 proliferation and cytokine production and measurement. As a source of antigen-presenting cells (APCs), 10 6 irradiated (1,500 rads) syngeneic C3H spleen cells (or congenic cells [see Fig. 5 ]) were seeded into the wells of 96-well flat-bottom microtiter plates (Costar 3997), and antigens (as described below) were added. The plates were incubated overnight at 37°C, and then KLmB-3 cells (40,000 cells/well; final volume, 100 l) were added to the wells. Twenty-four, 48, or 72 h later, the wells were pulsed for 18 h with 1 Ci of [ 3 H]thymidine (Amersham, Arlington Heights, Ill.) to determine the degree of cell proliferation (48) .
To determine the cytokines elicited by KLmB-3, 1 ϫ 10 6 KLmB-3 cells, 7 ϫ 10 6 irradiated syngeneic C3H spleen cells, and 10 6 L. major promastigotes were plated into the wells (1 ml/well) of 24-well plates (Costar 3524). Supernatants were collected 12, 24, 48, and 72 h later, and their cytokine contents were assessed by using previously described techniques and commercial enzymelinked immunosorbent assays (ELISAs) for cytokines (43) .
Determining the isotypes of anti-L. major antibodies induced by KLmB-3. On the days of infection indicated below, sera were collected from mice infected with L. major alone or with L. major plus KLmB-3. The isotypes of the anti-L. major antibodies present in the sera were determined by an ELISA. Briefly, ELISA plates were coated with a frozen and thawed lysate of L. major promastigotes (10 g of L. major protein/ml [48] ) by using standard techniques (40) . The test sera were added to the plates, and the plates were then developed by using a monoclonal antibody isotyping kit (to quantify immunoglobulin G1 [IgG1], IgG2b, and IgG2a; catalog no. 37501; Pierce, Rockford, Ill.) and the manufacturer's directions. To detect IgE, the plates were incubated with biotin-labeled anti-IgE (catalog no. RMGE15; Caltag, Burlingame, Calif.), followed by avidin peroxidase (catalog no. A-3151; Sigma) and a TMB peroxidase development system (catalog no. 50-76-00; Kirkegaard & Perry, Gaithersburg, Md.).
Treatment of mice with anti-IFN-␥. Anti-IFN-␥ antibodies were purified from ascites fluid as described elsewhere (7) . Normal rat Ig was prepared from normal rat serum (Accurate, Westbury, N.Y.) by using the techniques employed to purify anti-IFN-␥ antibodies. Mice were injected intraperitoneally with 2 mg of either normal rat Ig or anti-IFN-␥ 3 h before infection with L. major.
Statistical analyses. Data for lesion progression were analyzed by using analysis of variance for repeated measure and for parasite burdens by using unpaired t tests. All experiments were repeated at least twice; most of the results presented below are representative of the results of three or four independent experiments.
RESULTS
L. major-infected resistant C3H mice produce less type 1 cytokines and more type 2 cytokines in response to gp63 in the first 2 weeks of infection. Initially, we infected resistant C3H mice with L. major promastigotes in one hind footpad and removed the draining popliteal and inguinal lymph node cells to restimulate the cells in vitro. As reported by others (8, 19, 34) , the cells produced little IL-4 or IL-5 when they were restimulated with L. major promastigotes in vitro (Table 1) . However, curiously, when the cells were restimulated with L. major gp63, a quite different response was observed (Table 1) . gp63, or leishmanolysin (25) , is the major glycoprotein expressed on the surface of L. major promastigotes. Lymph node cells stimulated with gp63 produced 15-to 24-fold more IL-4 or IL-5 than cells stimulated with L. major promastigotes produced. The production of IL-4 by the cells was not as consistent as the production of IL-5, possibly due to consumption of the IL-4. gp63 also induced approximately 10-fold less IFN-␥ (Table 1).
To corroborate and extend these results, we restimulated cells from L. major-infected C3H mice with either of a pair of L. major parasites, one that expressed gp63 and one that was genetically engineered so that all seven copies of the gp63 gene were deleted and thus did not produce gp63. As Table 1 shows, wild-type (gp63-expressing) L. major (L. major A2) induced more type 2 and less type 1 cytokines than the mutant parasite lacking gp63 [L. major gp63(1-7)KO] induced. Thus, the two experimental approaches (stimulating with rgp63 and stimulating with parasites genetically engineered to either express or not express gp63) yielded the same results: gp63 favored the development of a type 2 immune response.
Derivation of KLmB-3 and analysis of its surface phenotype. To characterize this phenomenon further, we infected C3H mice with 5 ϫ 10 6 L. major promastigotes and 2 weeks later derived long-term T-cell lines from which we subsequently derived T-cell clones (for details of the techniques used see Materials and Methods). Clone KLmB-3 was selected for further analysis. Using flow cytometry, we determined that KLmB-3 was a CD4-T-cell clone that utilized the V␤8.1 T-cell receptor (data not shown).
Effect that adoptively transferring KLmB-3 has on a subsequent infection with L. major. To determine how KLmB-3 influenced an infection with L. major metacyclic promasti- a In experiments 1 and 2, C3H mice were infected with 5 ϫ 10 6 L. major promastogotes, and the draining lymph node cells were collected and stimulated with different amounts of L. major promastigotes or rgp63. Two days later the supernatants of the cultures were tested to determine their contents of IL-4, IL-5, and IFN-␥ (see Materials and Methods for details of the techniques). The data were obtained with mice infected for 1 week; similar results were obtained with mice infected for 2 weeks (data not shown). Similar results were also obtained with lower and higher doses of rgp63 (data not shown). In experiment 3, cells from infected mice were restimulated with gp63-expressing (strain A2) or gp63-deficient (knockout) parasites. The cytokine responses were measured as described above for experiments 1 and 2.
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on October 23, 2017 by guest http://iai.asm.org/ gotes, the parasite (2.5 ϫ 10 5 cells) and KLmB-3 (2.5 ϫ 10 5 cells) were coinjected into the hind footpads of syngeneic C3H mice. Controls were injected with the parasite alone. Lesion development (including the increase in footpad thickness and the parasite burden in the developing lesions) was then monitored over time. As Fig. 1 shows, lesions induced with promastigotes plus KLmB-3 were 2 to 10 times the size of lesions on control mice (P Ͻ 0.001). It is also important to mention that no delayed-type hypersensitivity response (i.e., footpad swelling) was observed at the site of injection of KLmB-3 and L. major promastigotes at either 24, 48, or 72 h postinjection (Fig. 1) . To verify that the increased lesion size observed in mice that received both KLmB-3 and parasites was due to an increase in the level of infection, parasite burdens were measured by using a limiting dilution assay (22) . Our results indicated that coinjection of KLmB-3 and L. major resulted in a statistically significant increase in the number of parasites (2.6-to 940-fold more parasites) in the lesions of these mice compared to the number in control mice injected with the parasite alone (Table   2 ) (the P values ranged from Ͻ0.05 to Ͻ 0.001). Thus, KLmB-3 significantly exacerbated L. major infection both with respect to lesion size and with respect to parasite burden.
Functional phenotype of KLmB-3. The fact that KLmB-3 exacerbated infection with L. major in C3H mice ( Fig. 1 and Table 2 ) suggested that the cells might be Th2 cells. To test this hypothesis, we analyzed the cytokines that KLmB-3 induced after stimulation with L. major. As Table 3 shows, activation of KLmB-3 in vitro resulted in the secretion of substantial amounts of the type 2 cytokines IL-4, IL-5, IL-10, and transforming growth factor beta (TGF-␤) into the culture supernatants. In contrast, we could not detect secretion of the type 1-associated cytokines IFN-␥ and IL-12.
To confirm these cytokine results and to obtain evidence that KLmB-3 was behaving like a Th2 cell in vivo, we next determined the isotypes of L. major-specific antibodies produced in mice coinjected with the parasite and KLmB-3. This information was useful since certain cytokines are known to be switch factors for particular antibody isotypes. For example, IL-4 is known to be a cytokine that preferentially induces an isotype switch to IgG1 and IgE, while TGF-␤ can induce a switch to IgG2b (14) . As indicated above, both of these cytokines were secreted by KLmB-3 following in vitro restimulation with L. major. Therefore, we determined whether the levels of parasite-specific antibodies of these three isotypes were elevated in the sera of mice coinjected with L. major plus KLmB-3. Higher levels of parasite-specific IgG1 and IgE were seen in the sera of mice coinjected with KLmB-3 and the parasite (Fig. 2) . Moreover, IgG2b was detected only in the sera of mice coinjected with KLmB-3 and L. major (Fig. 2) . Finally, although parasite-specific IgG2a (an isotype stimulated by Th1-associated cytokines [14] ) could be detected at days 13, 18, and 28 of infection in mice injected with L. major, this isotype could not be detected in the sera of mice coinjected with L. major and KLmB-3 until day 28 of infection (Fig. 2) .
Antigenic specificity of KLmB-3. To determine the antigenic specificity of KLmB-3, we stimulated the cells in vitro with the unrelated and non-cross-reactive antigen OVA (49), with L. major promastigotes, or with a panel of gp63 recombinant proteins. The cultures were subsequently pulsed at different times with tritiated thymidine to determine the degree of proliferation in response to the stimuli. As expected, KLmB-3 did not respond to the non-cross-reactive antigen OVA (Fig. 3) . In contrast, KLmB-3 proliferated vigorously in response to stimulation with L. major promastigotes. Importantly, KLmB-3 cells also responded vigorously to gp63 (Fig. 3) , which is the same result which we found when we used gp63 to stimulate
5 KLmB-3 cells in one hind footpad. The data show the development of lesions (increase in footpad thickness) over time. There was a significant (P Ͻ 0.001) difference in lesion size between groups. This effect of KLmB-3 on infection with L. major was not due to the nonspecific effect of simply adoptively transferring cells to recipient mice since adoptive transfer of a similarly restricted T-cell clone with a different specificity for molecules associated with the surface lipophosphoglycan of L. major had the opposite effect on infection (namely, it protected against challenge with the parasite) (47). (Table 1) .
To define the exact specificity of KLmB-3, we used a series of recombinant deletion peptides of gp63 (Fig. 4) (41) . TEX51, TEX82, and TEX84 are peptides of gp63 in which various amounts of the carboxy-terminal end have been deleted. In contrast, TEX50, TEX79, and TEX80 are peptides of gp63 in which various amounts of the amino-terminal end of the protein have been deleted. As a positive control we included TEX48, which is the full-length gp63 molecule. Similar to the data shown in Fig. 3 , KLmB-3 did not proliferate in response to stimulation with OVA, but it proliferated vigorously to response to stimulation with L. major promastigotes. Deleting various amounts of the C terminus of gp63 had no discernible effect on the proliferation of KLmB-3 (Fig. 4A) . In contrast, deleting the N terminus of gp63 profoundly inhibited the proliferation of KLmB-3 (Fig. 4B) . Based on the data shown in Fig. 4 as a whole, it appeared that the epitope that KLmB-3 recognizes lies somewhere between amino acids 101 and 206 in the N-terminal region of the gp63 molecule.
MHC restriction of KLmB-3. Finally, we analyzed the major histocompatibility complex (MHC) restriction of KLmB-3. For these experiments we utilized a series of B10 congenic mice or F1 mice derived from crosses between various B10 congenic mice. The resultant mice varied in the ability to express functional H-2 MHC class I or MHC class II (I-A k or I-E k ) molecules of the k haplotype. KLmB-3 was derived from a C3H mouse and thus was H-2 k restricted. We first determined the proliferative response of KLmB-3 using a k haplotype B10 series mouse (B10.BR) as a source of APCs. We found that KLmB-3 proliferated vigorously when it was stimulated with L. major promastigotes and B10.BR spleen cells as a source of APCs (Fig. 5) . KLmB-3 also proliferated vigorously in response to L. major when spleen cells from B10.AQR mice were used as the APC source. These mice are of the k haplotype at the MHC class II loci but not at the MHC class I loci. Therefore, these results demonstrate that KLmB-3 is not restricted to MHC class I and suggest that KLmB-3 cells, as expected, are restricted by MHC class II (Fig. 5) . To investigate this further, we used spleen cells from B10.A (4R) mice as a source of APCs to restimulate KLmB-3. These mice are of the k haplotype in the I-A region of MHC class II but not in the I-E region. Our results indicated that spleen cells from B10.A (4R) mice did not stimulate KLmB-3 proliferation, suggesting that KLmB-3 was restricted to I-E k (Fig. 5) . To test this hypothesis, we used APCs from two F1 mice (Fig. 5) that expressed a functional I-E k (but not I-A k ) molecule through transcomplementation. To generate these mice, crosses were made between B10.A (4R) mice and either a B10.RFB3 mouse (1) or a B10 mouse transgenic for the k haplotype I-E␣ molecule (B10.E␣ϩ mouse) (21) . Both of these types of APCs supported vigorous proliferation by KLmB-3 which was equivalent to that seen with APCs from the B10.BR H-2 k mouse. Together, these data demonstrate that KLmB-3 cells are CD4 T cells that are surprisingly restricted to I-E k rather than I-A k . Does gp63 contribute to the progression of disease in C3H mice treated with anti-IFN-␥? Treating mice that resist infection with anti-IFN-␥ reverses the phenotype of the mice, causing the mice to develop a progressive disease similar to that seen in susceptible BALB/c mice (3, 37) . To determine whether gp63 drives a Th2 response in C3H mice treated with anti-IFN-␥, we challenged treated mice with L. major and 1 week later harvested the draining lymph nodes. The lymph node cells were stimulated in the fashion shown in Table 1 , and the supernatants of the cultures were tested to detemine their IL-4, IL-5 and IFN-␥ contents. The results of these experiments (data not shown) were very similar to the results shown FIG. 3 . Specificity of clone KLmB-3. KLmB-3 was cocultured with irradiated syngeneic spleen cells as a source of APCs for different times. The cultures were stimulated with nothing (control, medium alone), OVA (200 g/ml), L. major promastigotes (2 ϫ 10 5 promastigotes/ml) (Lm), or rgp63 (10 g/ml) (gp63). At the end of the times indicated the cultures were pulsed with tritiated thymidine to determine the degree of proliferation of KLmB-3.
FIG. 2. Clone KLmB-3 modulates production of L. major-specific
IgG1, IgG2b, IgE, and IgG2a in vivo. At 13, 18, and 28 days of infection, sera were collected from mice inoculated with L. major alone or L. major plus KLmB-3. The levels of parasite-specific IgG1, IgG2b, IgE, and IgG2a were then determined as described in Materials and Methods. IgG1, IgG2b, and IgG2a results were obtained with sera diluted 1:100; IgE results were obtained with undiluted sera. IgG2b was detected only in day 28 sera from mice with adoptively transferred KLmB-3; IgG2a was not detected until day 28 of infection in sera from mice with adoptively transferred KLmB-3. ND, not detected; OD, optical density.
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on October 23, 2017 by guest http://iai.asm.org/ in Table 1 . Next, we infected anti-IFN-␥-treated C3H mice with L. major and removed the draining lymph nodes 6 weeks later, a time when the infection was completely uncontrolled in the mice. The lymph node cells were again stimulated with either L. major or gp63, and the levels of IL-4, IL-5, and IFN-␥ present in the culture supernatants were determined 48 h later. The results are presented in Table 4 . At this point in the infection control mice (normal rat Ig-treated mice) produced considerably more IFN-␥ (ϳ1,000-fold more) than they produced after 1 week of infection (compare Tables 1 and 4) . Anti-IFN-␥ treatment led to a greatly decreased ability to produce IFN-␥ and to a modest increase in production of the Th2 cytokines IL-4 and IL-5 when cultures were stimulated with L. major (Table 4 ). Similar observations have been reported by other workers (37) . Approximately the same amounts of IL-4 and IL-5 were produced when the cultures were stimulated with gp63. Thus, the capacities of L. major and gp63 to induce Th2 cytokines in anti-IFN-␥-treated C3H mice were similar. Perhaps the most striking aspect of the data shown in Table 4 Table 4 ]). Finally, it should be mentioned that since the strain of L. major used in these studies, LV39, can induce IL-13 (29), we also measured IL-13 levels in culture supernatants but found no consistent differences between groups (data not shown).
DISCUSSION
We describe here the derivation and characterization of a L. major-specific Th2 CD4-T-cell clone (KLmB-3) from resistant C3H mice. C3H mice were selected for this study since they are highly resistant (2) to infection with L. major and therefore behave as most humans do when they are infected with the parasite. Thus, C3H mice normally develop a protective Th1 response when they are infected with L. major. The fact that KLmB-3 was an exacerbative Th2-T-cell clone was unexpected. Although this phenotype of KLmB-3 was not expected, this observation is at least consistent with previously described results. Susceptible BALB/c mice and resistant C57BL/6 mice do not become polarized to a Th2 or Th1 phenotype until after 1 and 2 weeks of infection with L. major (31) . Since KLmB-3 was isolated from infected resistant C3H mice after 2 weeks of infection, this isolation may correlate with a time when L. major-specific Th2 cells were still active in these mice. The functional capacity of KLmB-3 is clearly that of a classical Th2-T-cell clone; that is, this cell clone does not mediate a delayed-type hypersensitivity reaction (6, 13), secretes exacerbative type 2 cytokines (IL-4, IL-5, IL-10, TGF-␤) but not protective type 1 cytokines (IFN-␥, IL-12), and stimulates the production of type 2-associated Ig isotypes.
Despite the fact KLmB-3 is a classical Th2-T-cell clone, the cells were still only capable of exacerbating infection for the first 4 weeks following adoptive transfer; beyond this time lesions began to heal. It has been shown in L. major-infected mice that adoptively transferred parasite-specific T cells migrate to developing cutaneous lesions of L. major, where they are functionally active for the first few weeks of infection. After this the cells can no longer be detected (49) . It appears that the same phenomenon occurred in the experiments described here. In mice that received KLmB-3, lesions began to heal and the Th1-associated antibody isotype IgG2a was produced by 4 weeks of infection. This suggests that KLmB-3 was not active beyond 4 weeks of infection.
Considerable work has been done to characterize the specificity of Th2 T cells that respond to infection to L. major in susceptible BALB/c mice. These cells utilize a V␤4 T-cell receptor and are specific for the leishmanial LACK antigen (19) . In contrast, KLmB-3 utilizes a V␤8.1 T-cell receptor and is specific for an epitope in the amino terminus of the surface gp63 molecule of L. major promastigotes. Thus, the parasite epitopes that can trigger Th2 cells and the T-cell receptor utilized by the T cells can differ in BALB/c and C3H mice.
Although it is clear that gp63 can elicit a type 2 response in C3H mice infected with L. major and that gp63-specific Th2 T cells can be isolated from infected C3H mice, our results suggest that these cells are not able to completely skew the immune response in these mice to a Th2 phenotype and thus cause the ultimate death of the animals. The reason(s) for this is not known, but it may be due to the inability of gp63-specific cells to elicit an IL-4 response that has the same kinetics and is of the same magnitude as the response seen with LACKspecific cells in susceptible BALB/c mice infected with L. major. In response to LACK, BALB/c mice produce IL-4 within hours of infection with L. major, but this does not occur in resistant mice infected with the parasite. Thus, BALB/c mice ultimately die of infection, whereas resistant mice (e.g., C3H mice) cure their infection (2, 19) . Since resistant mice can be made susceptible to L. major by treatment with anti-IL-12 (11, 45) or anti-IFN-␥ (3, 37), we treated C3H mice with anti-IFN-␥ to determine whether gp63 could become a strong inducer of a Th2 response in this Th2 environment. We found that gp63 induced Th2 cytokines with the same potency as L. major. Since we and other workers (37) have found that the principal effect of anti-IFN-␥ treatment is to reduce IFN-␥ production rather than increase Th2 cytokine production, there may be no epitope of L. major that induces a strong Th2 response in C3H mice. In this vein, however, Launois et al. (18) recently demonstrated that the LACK antigen becomes a strong inducer of IL-4 in C57BL/6 mice treated with anti-IFN-␥ antibody.
KLmB-3 is activated when the amino-terminal epitope of gp63 is presented in the context of the MHC class II protein I-E and not in the context of I-A. Louis et al. (23, 24) were the first workers to report the derivation of L. major-specific T-cell lines and clones. An analysis of the MHC restriction of these cells revealed that they were restricted to I-A and not I-E. Subsequently, T-cell clones were derived from susceptible BALB/c mice and semiresistant C57BL/6 mice by a number of laboratories (28, 32, 38, 39, 49) . The MHC restriction of these cells was not examined, but many of the clones were found to be LACK specific and to utilize the V␤4 T-cell receptor (32) . Thus, to the best of our knowledge, the MHC restriction (I-E), antigenic specificity (gp63), and T-cell receptor usage of KLmB-3 (V␤8.1) of KLmB-3 are unique.
Previous immunization studies with gp63 have had diverse outcomes. gp63 has been shown either to induce protection (33, 44) or to not induce protection (10) in mice, and adjuvant has been shown to augment protection (15, 44) or to reverse protection (33, 35) . In addition, when gp63 is transfected into bacterial delivery systems, this can lead to protection (5, 51) . Thus, as pointed out by Soares et al. (42) , it is crucial to a C3H mice were injected with 2 mg of either normal rat Ig or anti-IFN-␥ (XMG 1.2), and 3 h later the mice were infected with 5 ϫ 10 6 L. major promastigotes. Six weeks later the draining lymph node cells were collected and stimulated with the amount of L. major promastigotes or rgp63 indicated. Two days later the supernatants of the cultures were tested to determine their IL-4, IL-5, and IFN-␥ contents (see Materials and Methods for details of the techniques). The data are averages of three experiments.
b Anti-IFN-␥ treatment fully reversed the outcome of infection in treated mice as the animals developed lesions that resembled those that occur in susceptible BALB/c mice (7).
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on October 23, 2017 by guest http://iai.asm.org/ carefully select a proven protective epitope of gp63 or any potential immunogen. The present studies show that following infection with L. major promastigotes, gp63 can induce an exacerbating Th2 response. Taken together, the results imply that the context of the initial exposure to gp63, the epitope of gp63 presented, and the manner in which it is presented may determine whether a (protective) Th1 or a (exacerbative) Th2 response evolves following activation by this molecule. Finally, the fact that C3H mice (the mouse model used in this study) are resistant to infection with L. major (2) and thus accurately mimic L. major infection in most humans adds particular significance to the results presented in this paper. gp63 is currently considered a vaccine candidate for L. major infection of humans. The results presented in this report indicate that it is possible that gp63 may not induce the desired protective type 1 response in some humans. Indeed, peripheral blood mononuclear cells from patients with visceral leishmaniasis produce IL-4 when they are restimulated with gp63 in vitro (17, 50) . Therefore, gp63 may be an inappropriate choice for a globally effective vaccine formulation for humans.
